Melanoma is an aggressive cancer with complex etiology and poor prognosis. Surgical resection is still the primary treatment of melanoma, but shows limited efficacy in late-stage patients. Additionally, reliable prognostic markers of skin melanoma patients are still lacking. Circulating tumor cells (CTCs) have shown promise in predicting prognosis of multiple cancers.
Background
Melanoma, especially the metastatic disease, is an aggressive form of cancer with complex etiology and poor prognosis [1] . In the USA, more than 76 380 patients were diagnosed with skin melanoma in 2016 alone [2] . In China, the estimated incidence of melanoma was 8000 in 2015 [3] . Cure of early-stage skin melanoma primarily relies on surgical resection [4] . However, for late-stage cases, comprehensive treatments are required [4] . Until 2010, the treatments for metastatic melanoma were very limited. In recent years, novel medications targeting the BRAF mutation and immunotherapies have shown promise in treating metastatic melanoma [5, 6] . However, resistance to these novel treatment options occurs in most patients [7, 8] . Reliable prognostic markers of skin melanoma patients have not yet been identified. The major cause of cancer-associated mortality is tumor metastasis [9] . During successful dissemination, tumor cells have to invade the surrounding tissue, intravasating into the blood and lymphatic vessels [9] . Thus, quantifying the number of tumor cells in peripheral blood reflects the aggressiveness of cancers. Recently, analysis of circulating tumor cells (CTCs) has shown promise in predicting prognosis of prostate cancer, breast cancer, and other solid tumors [10] . A high number of CTC was correlated with shorter overall survival (OS) and progression-free survival [10] [11] [12] . Although some previous studies have explored the prognostic value of CTC in melanoma, the conclusions remain controversial [13, 14] .
In the present study, we searched for prognostic markers for skin melanoma patients. As tumor development and patient survival are regulated by various factors, we included multiple parameters in our analysis, including classic pathological factors, clinically-used serum makers, and the number of CTCs. By systematically analyzing our patient cohort, we show the significance of counting CTCs in predicting skin melanoma patient outcome.
Material and Methods

Patients
We enrolled a total of 100 melanoma patients diagnosed at the People's Hospital of Wei Fang from January 2010 to December 2014. All patients were diagnosed as melanoma based on biopsy and pathology. The primary tumors of these patients were in the skin. All patients signed informed consent and agreed to provide blood samples for evaluating the circulating tumor cells before and after they accepted surgery or systematic therapies. The first blood draw was performed right before the treatment and the second blood draw was performed 3 months after the surgery or 24 weeks after the start of non-surgery treatments (for the patients who did not accept surgery).
Basic features of the patient cohort are summarized in Table 1.  The TNM classification of these patients was evaluated based  on the criteria of the AJCC Cancer Staging Manual, 7 th Edition.
Follow-up of these patients was performed through phone calls, home visits, or medical records. The disease-specific survival (DSS) time was defined as the interval between the date of accepting surgery or systematic treatment and the date on which the patient died of melanoma. The patients who died due to other causes were excluded from survival analysis.
The average follow-up period was 27.9 months, with a median of 26 months.
CTCs counting
The CellSearch Epithelial Cell kit and CellSearch System (Veridex LLC) were used to evaluate the number of CTCs in patient blood samples, following the method described previously [15, 16] . Briefly, 7.5-ml blood samples were collected from the antecubital (forearm) veins within 24 h before the scheduled surgery date or systematic treatment. Then, the blood samples were added to a CellSave tube to gently mix with 6.5 ml of dilution buffer to centrifuge for 10 min at room temperature and then were loaded to the AutoPrep system. Subsequently, the antiMel-CAM antibody coated with ferrofluids was added. Through the immunomagnetic isolation, the CTC cells were enriched and then stained with phycoerythrin (PE)-conjugated antibody specific to high-molecular weight melanoma-associated antigen (HMW-MAA). Allophycocyanin (APC)-conjugated anti-CD45 antibody was used to exclude the leukocytes. The cells were then transferred to Cell Track Analyzer II. The nucleated cells stained with 4',6-diamidino-2-phenylindole, expression HMW-MAA without CD45 expression were recognized as CTCs.
Serum S100B level
Blood samples were maintained at room temperature for 30 min to clot, followed by centrifugation for 20 min to collect the serum. Then, the serum S100B level was measured using the Roche Elecsys ® S100 reagent kit following the standard procedure recommended by the manufacturer.
Statistical analysis
All statistical analyses were performed using SPSS software 17.0. Receiver operating characteristic (ROC) curve was used to find the optimal cutoff point of CTC counts. The optimal cutoff point was determined by choosing the CTC count with highest sum of sensitivity and specificity regarding to the outcomes of the patients. The chi-squared test was used to analyze the relationships between CTC levels and other clinicopathological characteristics of melanoma patients. Kaplan-Meier method was used to conduct survival analysis and the log-rank test 325 was performed to compare the difference in survival curves. The patients who withdrew from this study, were lost from followup, or survived at the endpoint of the follow-up were defined as censored observations. The Cox proportional hazards model was used for univariate and multivariant analysis. Two-tail P values less than 0.05 were considered as statistically significant.
Results
Basic features of the patient cohort and cutoff point determination
A total number of 100 melanoma patients were included in this study: 51 were at I-II stage (51%) and 49 were at III-IV stage (49%) when they were diagnosed; 62% were males and 38% were females. The average age was 51.3 years. The 1-, 2-, and 3-year survival rates were 86.7%, 63.7%, and 45.3%, respectively. The average CTC number was 7.9 (per 7.5ml blood).
As shown in Figure 1 , ROC curve analysis was performed to determine the optimal cutoff point of CTC numbers. N=6 (6 CTCs per 7.5 ml blood) was selected as the cutoff point with the area under the curve of 0.689 (95% confidence interval (CI) was 0.584 to 0.794). N<6 (less than 6 CTCs per 7.5 ml blood) was defined as low CTC. N³6 (more than 6 CTCs per 7.5 ml blood including 6) was defined as high CTC. A total of 57 patients had low CTCs and 43 patients had high CTCs before they accepted any treatment.
Relationships between baseline CTC count and the clinicopathological characteristics of melanoma patients
By analyzing the correlation between baseline CTC count and clinicopathological features of melanoma, we found that the baseline CTC number of melanoma patients was significantly associated with Breslow thickness, ulceration, regional lymph node metastasis, distant metastasis, and TNM stage, with the P values of 0.003, 0.011, 0.047, 0.034, and 0.017, respectively (Table 1) . However, the number of CTCs did not show a significant association with histological type, sex, age, and S100B level. Importantly, the results indicated that CTC level was negatively associated with outcomes of these melanoma patients: higher proportions of patients who died due to melanoma during our follow-up had high CTC counts (53.6%, P value=0.001).
Baseline CTC count was associated with the DSS of melanoma patients
Survival analysis was performed on the melanoma patients with respect to the baseline CTC level (the CTC count before treatment) and other clinicopathological parameters. As shown in Figure 2A , the patients with high baseline CTC level had shorter cumulative survival than the patients with low baseline CTC (P value=0.019). Consistently, the patients with high baseline CTC level also had shorter progression-free survival than the patient with low baseline CTC (P value=0.014, Figure 3A) . We then performed univariate and multivariant Cox proportional hazards analysis. As indicated in Tables 2 and 3 , the baseline CTC count is associated with higher risk of death: hazard ratio (HR)=1.733 (1.078, 2.787) in the univariate analysis and 2.262 (1.199, 4.267) in the multivariate analysis. Other factors, such as S100B level and TNM stage, were also significant in univariant and multivariant analyses.
Prognostic value of CTC number alteration after treatments
For the stage I and stage II tumors and diseases without obvious metastasis at diagnosis, patients were treated by wide excision plus sentinel lymph node biopsy with/without interferon alpha (29 patients accepted interferon alpha treatment). For metastatic diseases, patients (n=46) were treated with interferon alpha and general supportive care. After the initial treatment (surgery or 24-week interferon alpha treatment), 67 (67%) patients showed decreased number of CTCs, while 33 (33%) patients showed increased number of CTCs The patients whose CTC levels were increased after the treatment had lower cumulative DSS than the patients whose CTC levels were not changed or decreased (P value: 0.009). (The patients who withdrew from this study, were lost from the follow-up, or survived to the endpoint of the follow-up were defined as censored cases).
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compared to their CTC levels before surgery. The clinicopathological features of the patients with increased CTCs and decreased CTCs are summarized in Table 4 . Based on the survival curve, patients with increased CTCs had worse survival than patients with decreased or unchanged CTCs ( Figure 2B , log-rank test P value=0.009). Multivariate analysis showed that the increased CTC number was an adverse independent prognostic marker of melanoma (HR=2.913 with 95% CI of from 1.304 to 6.507, Table 3 ). We correlated the CTC alteration with disease progression survival and found that decreasing CTC numbers after treatment predicted longer progression-free time after treatments (P value=0.012, Figure 3B ).
Discussion
Skin melanoma that originates in the pigment-producing melanocytes in the basal layer of the epidermis is the most [4] . However, due to the aggressive biological nature of the disease and lack of appropriate monitoring, certain patients were diagnosed at late-stage with metastatic lesions. Treating advanced-stage melanoma relies on aggressive systematic treatments; however, little survival improvement was achieved until the launch of novel immunotherapies and BRAF targeted therapies [4] [5] [6] . CTC has shown unique values in diagnosing cancers, evaluating drug response, and predicting prognosis [17] . However, its prognostic value in melanoma patients has been controversial [13, 14] .
In the present study, we aimed to investigate the prognostic value of CTC number in melanoma patients.
To study the prognostic value of CTC count in melanoma patients, we enrolled both relative early stage cases and latestage cases. CTC can be identified from both early stage and late-stage patients. Intravasation and circulating in the peripheral blood are critical steps in establishing metastatic tumors [18] . Hematogenous spreading is particularly importantly for malignant melanoma [19] . Therefore, we expect to see higher CTC count in relatively late-stage patients. As expected, CTC count was positively correlated with invasion depth, lymph node metastasis, distance metastasis, and tumor stage. This data is particularly interesting as it highlighted the potential of predicting metastasis by measuring CTC level.
Current prognostic systems (e.g., TNM staging system, primary tumor molecular features, and serum biomarkers) are not perfect for optimal therapeutic management of melanoma patients [20] . Many radically treated early-stage patients experience disease recurrence and progression [20] . Therefore, developing a novel prognostic system that can dynamically monitor disease progression and treatment response is important. In lung cancer, it was shown that the first cycle of chemotherapy reduced CTC count in certain sensitive cases [21] . In our study, we tested baseline CTC number and post-treatment CTC number. The baseline CTC count and CTC count alteration (post-treatment CTC count minus baseline CTC count) were identified as independent prognostic factors. Interestingly, some previous studies also indicated that presence of/high baseline CTC count was associated with poor survival of melanoma patients [13, 22] . We also noticed that patients with decreased CTC numbers after treatment tended to have longer disease-free time. These data suggest the significance of monitoring CTC count to predict treatment response. Nevertheless, caution is recommended when utilizing this result, since there still exists a possibility that the observed prognostic significance was enhanced by the higher ratio of early-stage patients in the low CTC group. In our study, the 1-, 2-, and 3-year disease-specific survival of all patients was 86.7%, 63.7%, and 45.3%, respectively; however, according to previously reported epidemiological trends of melanoma, the 1-and 5-year survival rate was more than 90% and 80%, respectively [23, 24] . The high ratio of advanced-stage patients (49%) in our study might have contributed in part to this difference [23, 24] .
Conclusions
We conclude that CTC counts are useful in predicting the survival of Chinese melanoma patients. More importantly, dynamic monitoring CTC counts also had significant value in predicting treatment response and survival of melanoma patients.
